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HIGH-STRENGTH CONNECTING ROD 
AND METHOD OF PRODUCING SAME 

BACKGROUND OF THE INVENTION 

5 This invention relates to improvements in a 

connecting rod and in a method of producing the 
connecting rod. 

In a conventional producing method for a 
connecting, first a working piece is formed to have a 

10 Brinell hardness of not higher than 300 in order to 
improve machinability and fatigue durability. 
Thereafter, a portion which will not be subjected to 
machining is hardened to have a Brinell harness of 
not lower than 300. This is disclosed in Japanese 

15 Patent Provisional Publication No. 59-89720. 
SUMMARY OF THE INVENTION 

However, a strength sharply changes at a joining 
section between the hardened portion and the 
unhardened portion, so that it is difficult to obtain 

20 a sufficient buckling strength. On the other hand, in 
case that hardening is made throughout a wide range 
of area of the work piece in order to obtain a 
necessary buckling strength, there arises a problem 
that machinability is degraded at a portion which is 

25 to be machined. 

It is, therefore, an object of the present 
invention to provide an improved connecting rod and 
an improved producing method for the connecting rod, 
by which drawbacks encountered in conventional 

30 techniques can be overcome. 

Another object of the present invention is to 
provide an improved connecting rod and an improved 
producing method for the connecting rod, which can 
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provide a high-strength connecting rod which is high 
in machinabi lit y and buckling strength. 

A further object of the present invention is to 
provide an improved connecting rod and an improved 
5 producing method for the connecting rod, which 

provide a high-strength connecting rod which is high 
in fatigue strength while achieving a weight- 
lightening of the connecting rod. 

A first aspect of the present invention resides 

10 in a connecting rod comprising a connecting beam 

section serving as a main body of the connecting rod. 
A big end is located at a first end side of the 
connecting beam section. A small end is located at a 
second end side of the connecting beam section, the 

15 second end side being axially opposite to the first 
end side. A first joining section is located between 
the connecting beam section and the big end to 
connect the connecting beam section and the big end. 
A second joining section is located between the 

20 connecting beam section and the small end to connect 
the connecting beam section and the small end. In 
this connecting rod, each of the first and second 
joining sections gradually and continuously decreases 
in cross sectional area toward the connecting beam 

25 section and has a strength distribution in which a 
strength increases with a decrease in the cross 
sectional area, 

A second aspect of the present invention resides 
in a method of producing a connecting rod including a 

30 connecting beam section serving as a main body of the 
connecting rod; a big end located at a first end side 
of the connecting beam section; a small end located 
at a second end side of the connecting beam section. 
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the second end side being axially opposite to the 
first end side; a first joining section located 
between the connecting beam section and the big end 
to connect the connecting beam section and the big 
5 end; and a second joining section located between the 
connecting beam section and the small end to connect 
the connecting beam section and the small end. The 
producing method comprising (a) gradually and 
continuously decreasing each of the first and second 

10 joining sections in cross sectional area toward the 
connecting beam section; and (b) providing to each of 
the first and second joining sections a strength 
distribution in which a strength increases with a 
decrease in the cross sectional area. 

15 A third aspect of the present invention resides 

in a high-strength connecting rod comprising a 
connecting beam section serving as a main body of the 
connecting rod, the connecting beam section having a 
portion which is the smallest in cross sectional area 

20 throughout the connecting rod. A big end is located 
at a first end side of the connecting beam section. A 
small end is located at a second end side of the 
connecting beam section, the second end side being 
axially opposite to the first end side. A first 

25 joining section is located between the connecting 
beam section and the big end to connect the 
connecting beam section and the big end. A second 
joining section is located between the connecting 
beam section and the small end to connect the 

30 connecting beam section and the small end. In this 
connecting rod, each of the first and second joining 
sections gradually and continuously decreases in 
cross sectional area toward the connecting beam 



section. Additionally, a portion which is the lowest 
in fatigue strength exists in at least one of the big 
and small ends, and a portion which varies in fatigue 
strength exists in each of the first and second 
joining sections and in the connecting beam sections. 
Further, a product of the cross sectional area and 
the fatigue strength at a cross section of each of 
the joining and connecting beam sections is equal to 
or greater than a product of the cross sectional area 
and the fatigue strength in the smallest cross 
sectional area portion in the connecting beam section 
A fourth aspect of the present invention resides 
in a high-strength connecting rod comprising a 
connecting beam section serving as a main body of the 
connecting rod, the connecting beam section having a 
portion which is the smallest in cross sectional area 
throughout the connecting rod. A big end is located 
at a first end side of the connecting beam section. A 
small end is located at a second end side of the 
connecting beam section, the second end side being 
axially opposite to the first end side. A first 
joining section is located between the connecting 
beam section and the big end to connect the 
connecting beam section and the big end. A second 
joining section is located between the connecting 
beam section and the small end to connect the 
connecting beam section and the small end. In this 
connecting rod, each of the first and second joining 
sections gradually and continuously decreases in 
cross sectional area toward the connecting beam 
section. Additionally, a cross section of each of the 
connecting beam section and each of the first and 
second joining sections includes at least one of 



martensitic structure and f er ritic-pear lit ic 

structure and satisfies the following expression: 
S/D > l/{ (l-p)Ms/100 + P}... Eq. (1) 

where S is a cross sectional area of any portion 
of each of the connecting beam section and each of 
the first and second joining sections; D is a cross 
sectional area of the smallest cross sectional area 
portion of the connecting beam section; P is a 
fatigue strength of an unhardened structure / a 
fatigue structure of a tempered martensitic 
structure; Ms is a proportion of area of the tempered 
martensitic structure in the portion whose sectional 
area is S. Further, a whole cross section of the 
smallest cross sectional area portion is formed of 
the tempered martensitic structure. 

A fifth aspect of the present invention resides 
in a method of producing a high-strength connecting 
rod comprising: a connecting beam section serving as 
a main body of the connecting rod, the connecting 
beam section having a portion which is the smallest 
in cross sectional area throughout the connecting 
rod; a big end located at a first end side of the 
connecting beam section; a small end located at a 
second end side of the connecting beam section, the 
second end side being axially opposite to the first 
end side; a first joining section located between the 
connecting beam section and the big end to connect 
the connecting beam section and the big end; a second 
joining section located between the connecting beam 
section and the small end to connect the connecting 
beam section and the small end; wherein each of the 
first and second joining sections gradually and 
continuously decreases in cross sectional area toward 



the connecting beam section; wherein a portion which 
is the lowest in fatigue strength exists. in at least 
one of the big and small ends, and a portion which 
varies in fatigue strength exists in each of the 
first and second joining sections and in the 
connecting beam sections; wherein a product of the 
cross sectional area and the fatigue strength at a 
cross section of each of the joining and connecting 
beam sections is equal to or greater than a product 
of the cross sectional area and the fatigue strength 
in the smallest cross sectional area portion in the 
connecting beam section. The producing method 
comprises (a) forming a material steel into a shape 
of the connecting rod; (b) hardening the material 
steel having the connecting rod shape by using 
induction current; and (c) tempering the hardened 
material steel at a temperature ranging from 200 to 
650 '^C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of a first embodiment of a 
connecting rod according to the present invention; 

Fig. 2 is a side elevation of the connecting rod 
of Fig. 1; 

Fig. 3 is a sectional view taken along the line 

III- III of Fig. 1; 

Fig. 4 is a sectional view taken along the line 

IV- IV of Fig. 1; 

Fig. 5 is a sectional view taken along the line 

V- V of Fig. 1; 

Fig. 6 is a sectional view taken along the line 

VI- VI of Fig. 1; 

Fig. 7 is a graph showing the relationship 
between the cross sectional area and the buckling 
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strength of the connecting rod of the first 
embodiment ; 

Fig. 8 is a graph showing the relationship 
between the proportion of martensite and the buckling 
5 strength in connection with the connecting rod of the 
first embodiment; 

Fig. 9 is a graph showing the relationship 
between the cross sectional area and the proportion 
of martensite upon hardening, in connection with the 
10 connecting rod of the first embodiment; 

Fig. 10 is a flow diagram for explaining a 
producing method for the connecting rod of the first 
embodiment ; 

Fig. 11 is a plan view for explaining a high 
15 frequency hardening using an induction heating coil, 

applied in the step of ''hardening'' in Fig'. 10; 
Fig. 12 is a flow diagram for explaining a 

producing method for a second embodiment of the 

connecting rod; 
20 Fig. 13 is a graph showing the relationship 

between the cross sectional area and the mean value 

of strain introduced by "'cold forging" shown in Fig. 

12, in connection with the connecting rod of the 

second embodiment ; 
25 Fig. 14 is a graph showing the relationship 

between the mean value of strain and the buckling 

strength in connection with the connecting rod of the 

second embodiment; 

Fig. 15 is a sectional view for explaining a 
30 mold of a cold forging press in connection with the 

connecting rod of the second embodiment; 



Fig. 16 is a sectional view taken along line 

XVI- XVl of Fig. 15, showing a change in form before 
and after the cold forging; 

Fig. 17 is a sectional view taken along line 

XVII- XVII of Fig. 15, showing a change in form before 
and after the cold forging; 

Fig. 18 is a sectional view taken along line 

XVIII- XVIII of Fig. 15, showing a change in form 
before and after the cold forging; 

Fig, 19 is a graph showing the relationship 
between the tensile strength and the proportion of 
squashing in connection with the connecting rod of 
the second embodiment; 

Fig, 20 is a schematic front view of a third 
embodiment of the connecting rod according to the 
present invention; 

Fig. 21 is a schematic illustration showing the 
manner of hardening in a producing method for the 
connecting rod of Fig. 20; 

Fig. 22 is a graph showing the relationship 
between the fatigue strength and the S/D value in 
connection with the connecting rod of the third 
embodiment; and 

Fig. 23 is a graph showing the relationship 
between the fatigue strength and the tempering 
temperature in connection with the connecting rod of 
the third embodiment, 

DETAILED DESCRIPTION OF THE INVENTION 

First and second embodiments of a connecting rod 
according to the present invention will be discussed 
with reference to Figs. 1 to 19. 

The inventive concept for the first and second 
embodiments reside in A first aspect of the present 



invention resides in a connecting rod comprising a 
connecting beam section serving as a main body of the 
connecting rod. A big end is located at a first end 
side of the connecting beam section. A small end is 
located at a second end side of the connecting beam 
section, the second end side being axially opposite 
to the first end side. A first joining section is 
located between the connecting beam section and the 
big end to connect the connecting beam section and 
the big end. a second joining section is located 
between the connecting beam section and the small end 
to connect the connecting beam section and the small 
end. In this connecting rod, each of the first and 
second joining sections gradually and continuously 
decreases in cross sectional area toward the 
connecting beam section and has a strength 
distribution in which a strength increases with a 
decrease in the cross sectional area. 

Fig. 1 is a top plan view of a connecting rod 
according to a first embodiment of this invention. 
Connecting rod 10 according to the first embodiment 
is used for connecting a piston in an internal 
combustion engine and a crankshaft and transmitting 
the reciprocal motion of the piston to the crankshaft. 

Connecting rod 10 is made of, for example, 
carbon steel and has a connecting beam section 40 
forming a main body, a big end 20 situated at one end 
of connecting beam section 40 and a small end 60 
situated at the other end of connecting beam section 
40. Connecting beam section 40 has an I-shaped cross 
section and is substantially uniform in shape. 

Big end 20 is of the split type and has a 
generally semicylindr ical portion 21 with which a 
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connecting rod cap (not shown) is assembled by means 
of, for example, bolts for connection with a 
crankshaft pin (or connecting rod journal of the 
crankshaft) (not shown) . Small end 60 has an opening 
61 for connecting a piston pin (not shown) . Joining 
sections 30 and 50 are formed between big end 20 and 
connecting beam section 40 and between connecting 
beam section 40 and small end 60, respectively. 

Fig. 2 is a side elevational view of. the 
connecting rod shown in Fig. 1, Fig. 3 is a sectional 
view taken along line III-III of Fig. 1, Fig. 4 is a 
sectional view taken along line IV-IV of Fig. 1, Fig. 
5 is a sectional view taken along line V-V of Fig. 1 
and Fig. 6 is a sectional view taken along line VI-VI 
of Fig- 1. 

Joining section 30 has a cross sectional area 
decreasing continuously toward connecting beam 
section 40. For example, the cross sectional area 
across boundary P2 between big end 20 and joining 
section 30 (see Fig. 3)is about 1.5 times the cross 
sectional area across boundary P3 between joining 
section 30 and connecting beam section 40 (see Fig. 
3) . 

Joining section 30 has in its concave portion 31 
a thickness which is larger than in a comparative 
example (a conventional connecting rod), as shown in 
Figs. 3 and 6. A portion of big end 20 adjoining 
joining section 30 is also larger than the shape of 
the comparative example, as shown in Fig. 2, so that 
a transitory portion from big end 20 to joining 
section 30 may have a gradually varying cross 
sectional area. 

As connecting beam section 40 is substantially 
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uniform in shape, its cross sectional area across 
boundary P3 between joining section 30 and connecting 
beam section 40 (see Fig. 4) is equal to its cross 
sectional area across boundary P4 between connecting 
beam section 40 and joining section 50 (see Fig. 5). 

Joining section 50 has a cross sectional area 
decreasing continuously toward connecting beam 
section 40, as joining section 30 does. For example, 
the cross sectional area across boundary P5 between 
joining section 50 and small end 60 (see Fig. 6) is 
about 1.5 times the- cross sectional area across 
boundary P4 between connecting beam section 40 and 
joining section 50 (see Fig. 5). 

Joining section 50 has in its concave portion 51 
a thickness which is larger than in the shape of the 
comparative example. A portion of small end 60 
adjoining joining section 50 is also larger than in 
the shape of the comparative example, as shown 
clearly in Fig. 2, so that a transitory portion from 
small end 60 to joining section 40 may have a 
gradually varying cross sectional area. 

Connecting beam section 40 is substantially 
uniform in strength. On the other hand, joining 
sections 30 and 50 have a gradually varying strength 
increasing toward connecting beam section 40. In 
other words, joining sections 30 and 50 have a 
strength distribution in which their ^ strength 
increases with a decrease in cross sectional area. 

Fig. 7 is a graph showing the buckling strength 
of connecting rod 10 in relation to its cross 
sectional area. As shown therein, the cross 

sectional area of connecting rod 10 decreases from 
boundary Pi between semi-circular portion 21 of big 
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end 20 and boundary P2 to boundary P3, is uniform in 
connecting beam section 40 and increases from 
boundary P4 to boundary Pg situated close to opening 
61 of small end 60. 

On the other hand, its buckling strength is 
substantially uniform to boundary P2, increases from 
boundary P2 to boundary P3, is uniform in connecting 
beam section 4 0,. decreases from boundary P4 to 
boundary P5 and is substantially uniform from 
boundary P5 . 

In other words, its buckling strength varies in 
conformity with the strength of joining sections 30 
and 50 and is high in its portions having a small 
cross sectional area. On the other hand, its big and 
small ends 20 and 50 are relatively low in strength 
and are, therefore, not low in machinability . 

Thus, it is possible according to the first 
embodiment of the present invention to provide a 
high-strength connecting rod having good 

machinability and buckling strength. 

The strength distribution of the joining 
sections can be formed by, for example, controlling 
hardening by heat treatment (hardening), so that a 
distribution may be produced in the hardening 
temperature and/or tempering time during the 
quenching of the joining sections. in this 

connection, it is preferable from the standpoints of 
machinability and buckling strength that connecting 
beam section 40 is thoroughly hardened, while big and 
small ends 20 and 60 are substantially not hardened. 

The proportion of martensite corresponds to the 
buckling strength, as shown in Fig. 8. Therefore, 
when the proportion of martensite Ms (%) in a joining 
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section varies continuously with a variation in the 
cross sectional area D of the joining section so as 
to satisfy the relation D/Dram ^ l/((l-a) x Ms/100 + 
a) , it is possible to ensure the realization of a 
strength distribution conforming to the variation in 
cross sectional area. 

In the expression, ^mxn is the minimum value of 
cross sectional area of the joining section and a is 
the value obtained by dividing the buckling stress 
without hardening by the buckling stress with 
hardening . 

Description will now be made of a process for 
manufacturing a connecting rod according to the first 
embodiment of the present invention. The process for 
manufacturing a connecting rod according to the first 
embodiment of the present invention includes the 
steps of hot forging, hardening, shot blasting, 
coining and machining, as shown in Fig. 10. 

During the step of hot forging, a steel material 
is formed into the shape of a connecting rod at a 
temperature not lower than its r e cr y s t a 1 1 i z a t ion 
temperature (for example, 800 to 1200°C) to make a 
half -finished (or incompletely finished) connecting 
rod. The steel material is, for example, carbon 
steel (for example, S40C to S50C according to 
Japanese Industrial. Standard ( JIS) ) . 

When the connecting beam and joining sections of 
the half -finished connecting rod are hardened during 
the step of hardening, a distribution (for example, a 
gradient) is produced in the hardening temperature 
for the joining sections to control the effect of 
their hardening. 

For example, a strength (hardness) distribution 
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conforming to a variation in cross sectional area is 
formed in the joining sections by producing a 
distribution in the hardening temperature for the 
joining sections so that the proportion of martensite 
Ms (%) in the joining sections may vary continuously 
with a variation in the cross sectional area D of the 
joining sections so as to satisfy the relation D/Dmin 
^ l/((l-a) X Ms/100 + a). 

Referring now to Fig. 11, description will be 
made of a hardening method in which high-frequency 
hardening is applied by using an induction heating 
coil 90. 

Half -finished connecting rod lOA is positioned 
rotatably about its longitudinal axis S. Heating 
coil 90 is positioned in the vicinity of half- 
finished connecting rod lOA and in a location in 
which it will not hinder the rotation of half- 
finished connecting rod lOA, 

Induction heating coil 90 has a substantially 
rectangular structure and has long-side portions 92 
and 94 extending along joining sections 30 and 50 and 
connecting beam section 40 and short-side portions 91 
and 93 extending across big and small ends 20 and 60, 
respectively . 

Big and small ends 20 and 60 of half -finished 
connecting rod lOA are larger in shape than 
connecting beam section 40, and connecting beam 
section 40 (and joining sections 30 and 50) is 
situated between big and small ends 20 and 60. 

Therefore, the clearances between long-side 
portions 92 and 94 of the induction heating coil and 
the half-finished connecting rod decrease slightly as 
they approach big and small ends 20 and 60, in view 
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of the heat capacity of big and small ends 20 and 60 
and the transfer of heat between big and small ends 
20 and 60 and connecting beam section 40 (and joining 
sections 30 and 50) . 

Consequently, connecting beam section 40 
acquires the hardening temperature required for 
thorough hardening and joining sections 30 and 50 
have a distribution of hardening temperatures. In 
other words, induction heating coil 90 is positioned 
along joining sections 30 and 50 and the clearances 
between induction heating coil 90 and joining 
sections 30 and 50 are so set as to produce an 
adequate distribution of hardening temperatures. 

Hardening is, for example, carried out by 
supplying a high frequency current (30 kHz) to 
induction heating coil 90 for five seconds, while 
rotating hal f -f ini shed connecting rod lOA at 150 rpm. 
For example, the output is 25 kW and the hardening 
temperature for connecting beam section 40 is 920°C. 

As a result, a strength distribution conforming 
to a variation in cross sectional area is formed in 
joining sections 30 and 50. The rotating speed of 
half -finished connecting rod lOA is preferably not 
lower than, for example, 60 r.p.m. in order to 
prevent any non-uniform heating, since high-frequency 
hardening is done by a brief period of rapid heating. 

During the step of shot blasting, oxide scales 
are removed from the surface of the half -finished 
connecting rod. During the step of coining, the 
thickness of the ha If - f ini shed connecting rod is, for 
example, modified by a light degree of cold forging. 

During the step of machining, machining is done 
for, for example, finishing the sliding portions of 
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the big and small ends and forming oil ports in the 
big and small ends to thereby give a connecting rod 
as a finished part. 

The big and small ends are low in hardness, good 
in machinabili ty and easy of machining, since they 
are substantially not hardened. The joining sections 
of the connecting rod exhibit a satisfactory buckling 
strength owing to their strength distribution in 
which their strength increases with a reduction in 
cross sectional area. 

According to the first embodiment of the present 
invention, it is, thus, possible to provide a process 
for manufacturing a high- strength connecting rod 
having good machinability and buckling strength. 

Shot peening may be done between the steps of 
coining and machining to achieve an improved fatigue 
strength . 

While the strength distribution of the joining 
sections is formed by producing a distribution of 
hardening temperatures, it can also be formed by, for 
example, producing a distribution of tempering time 
by controlling the cooling rate after heating to a 
single hardening temperature. 

For high frequency hardening, it is possible to 
alter the conditions, such as the time duration of 
supply of a high frequency current and the output, 
and carry out heating with the induction heating coil 
several times discont inuously or continuously. In 
this case, it is possible to control the distribution 
of hardening temperatures with high accuracy in view 
of, for example, local heat transfer or dissipation, 
or heat capacity. 

It is, moreover, possible to produce 
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distribution of hardening temperatures by installing 
a plurality of independently controlled induction 
heating coils along the joining sections and varying 
the duration for which a high frequency current is 
supplied . 

It is also possible to produce a distribution of 
hardening temperatures by winding an induction 
heating coil about the half -finished connecting rod 
and varying the pitch of the coil along the joining 
sections . 

Fig. 12 is a flowchart for explaining a process 
for manufacturing a connecting rod according to a 
second embodiment of this invention. The second 
embodiment generally differs from the first 
embodiment in having the steps of cold forging and 
aging instead of the step of hardening. 

Therefore, the process for manufacturing a 
connecting rod according to the second embodiment of 
the present invention has the steps of hot forging, 
cold forging, aging, shot blasting, coining and 
machining. 

During the step of hot forging, a steel material 
is formed into substantially the shape of a 
connecting rod at a temperature not lower than its 
recrystallization temperature (for example, 800 to 
laOCC), whereby a roughly made connecting rod is 
obtained. The steel material may, for example, be 
carbon steel (for example, S40C to S50C according to 
JIS) . The roughly made connecting rod is not limited 
to one formed from the steel material by hot forging. 

During the step of cold forging, the roughly 
made connecting rod is formed into the shape of a 
connecting rod at a temperature not higher than its 
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recrystallization temperature (for example, normal 
ambient temperature), whereby strain is introduced 
therein. According to the second embodiment of the 
present invention, an average of values taken across 
various sections is used for strain. 

Strain is obtained by, for example, applying an 
FEM (finite element method) simulation, dividing the 
section of the roughly made connecting rod into a 
plurality of regions and finding an arithmetic mean 
of the values of strain as calculated from those 
regions. Thus, cold forging is done so that the mean 
value of strain may continuously vary with a 
variation in the cross sectional area of the joining 
sections, as shown in Fig. 13. 

The mean value of strain is in conformity with 
buckling strength, as shown in Fig. 14, and it is, 
therefore, possible to obtain a hal f -finished 
connecting rod having a strength distribution in 
which its strength increases with a reduction in 
cross sectional area as shown in Fig. 7 (the same 
strength distribution as according to the first 
embodiment of the present invention) . 

Accordingly, the joining sections have a 
strength distribution in which their strength 
increases with a reduction in cross sectional area, 
so that any portion having a small cross sectional 
area has a high buckling strength. On the other hand, 
the big and small ends are relatively low in strength 
and are, therefore, not low in machinability . 

The shape of a connecting rod obtained by the 
step of hot forging according to the first embodiment 
of the present invention is now achieved by the steps 
of hot and cold forging. Therefore, the shape as 
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obtained by the step of hot forging differs from the 
first embodiment to the second embodiment of the 
present invention. 

The step of aging is carried out by, for example, 
holding at 400 °C for 30 minutes. And the half- 
finished connecting rod becomes a connecting rod as a 
finished part after the steps of shot blasting, 
coining and machining, as in the first embodiment of 
the present invention. 

Description will now be made of a method of 
forming a distribution of strain by cold forging. 
Fig. 15 is a sectional view for explaining a mold for 
a cold forging press. Figs, 16 to 18 are views for 
explaining a difference as found in shape between 
before and after cold forging. Fig. 16 is a sectional 
view taken along line XVI-XVI of Fig. 15, Fig. 17 is 
a sectional view taken along line XVII-XVII of Fig. 
15 . and Fig. 18 is a sectional view taken along line 
XVIII-XVIII of Fig. 15. 

The cold forging press for introducing strain 
has a mold 100 divided into an upper mold 101 and a 
lower mold 102. Roughly made connecting rod 110 
having substantially the shape of a connecting rod 
formed by hot forging is positioned between the upper 
and lower molds 101 and 102. 

Roughly made connecting rod 110 is caused by 
cold forging to undergo plastic deformation and have 
its height H reduced (from Hq to Hi) and its width W 
enlarged (from Wq to Wi), whereby strain is 
introduced therein. The stroke of a slide in the 
cold forging press may, for example, be 148 mm and 
the number of strokes per minute may, for example, be 
30 . 
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The shape of roughly made connecting rod 110 is 
set based on its shape as obtained after cold forging 
and the strain introduced by cold forging. The shape 
of roughly made connecting rod 110 is preferably 
optimized for achieving the uniform introduction of 
strain and restraining the flow of the metal material 
and any flaw due to pulling-back of the metal 
material . 

It is rib portions 131 that are squashed by 
upper and lower molds 101 and 102 for introducing 
strain. The selection of rib portions 131 alone is 
preferred for reducing the load of cold forging and 
making cold forging more efficient. It is, however, 
also possible to change the shapes of upper and lower 
molds 101 and 102 and set the load so that it may 
bear on joining portions 132 extending between rib 
portions 131 and forming recesses therebetween, too. 

The shapes of upper and lower molds 101 and 102 
are so set that the proportion of squashing of rib 
portions 131 may continuously vary with a variation 
in cross sectional area of the joining sections. The 
proportion of squashing corresponds to the proportion 
of reduction in height H of rib portions 131 between 
before and after cold forging (= (Ho - Hi) x IOO/Hq), 
and corresponds to strain. 

The proportion of squashing is proportional to 
tensile strength, as shown in Fig. 19, and a change 
in the proportion of squashing makes it possible to 
obtain a strength distribution in which strength 
increases with a reduction in cross sectional area. 

Accordingly, the joining sections of a half- 
finished connecting rod obtained by cold forging 
roughly made connecting rod 110 by upper and lower 
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molds 101 and 102 have a strength distribution in 
which their strength increases with a reduction in 
cross sectional area, and any portion having a small 
cross sectional area has a high buckling strength. 
On the other hand, the big and small ends are 
relatively low in strength and are, therefore, not 
low in machinabili t y . 

Thus, the second embodiment of the present 
invention also makes it possible to provide a high- 
strength connecting rod having good machinabilit y and 
buckling strength and a process for manufacturing it. 

The control of strain is not limited to its 
control based on the proportion of squashing of the 
rib portions, but can also be based on any parameter 
corresponding to strain, such as a reduction in cross 
sectional area of the. joining sections. 

It is also preferable to alter the cold forging 
conditions in accordance with a difference in 
thickness of the roughly made connecting rod to be 
cold forged, to thereby control the strain introduced 
by cold forging. 

The variation in thickness of the roughly made 
connecting rod can be detected by, for example, laser 
measurement. The cold forging conditions include, 
for example, the setting of a shut height which is 
the distance between the slide and the bed. 

Next, a third embodiment of the (high-strength) 
connecting rod according to the present invention 
will be discussed with reference to Figs. 20 to 23. 
It is to be noted that % used in the description 
indicates by weight (% on mass basis)'' as far as 

no special note is shown. 

An inventive concept of the first embodiment 
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resides in a high- strength connecting rod comprising 
a connecting beam section serving as a main body of 
the connecting rod, the connecting beam section 
having a portion which is the smallest in cross 
sectional area throughout the connecting rod. A big 
end is located at a first end side of the connecting 
beam section. A small end is located at a second end 
side of the connecting beam section, the second end 
side being axially opposite to the first end side. A 
first joining section is located between the 
connecting beam section and the big end to connect 
the connecting beam section and the big end. A second 
joining section is located between the connecting 
beam section and the small end to connect the 
connecting beam section and the small end. In this 
connecting rod, each of the first and second joining 
sections gradually and continuously decreases in 
cross sectional area toward the connecting beam 
section. Additionally, a portion which is the lowest 
in fatigue strength exists in at least one of the big 
and small ends, and a portion which varies in fatigue 
strength exists in each of the first and second 
joining sections and in the connecting beam sections. 
Further, a product of the cross sectional area and 
the fatigue strength at a cross section of each of 
the joining and connecting beam sections is equal to 
or greater than a product of the cross sectional area 
and the fatigue strength in the smallest cross 
sectional area portion in the connecting beam section. 
The ^^cross section" means a cross section 
perpendicular to the axis of the connecting rod, so 
that the '^cross sectional area" means a cross 
sectional area at the cross section perpendicular to 
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the axis of the connecting rod. 

Another inventive concept for the first 
embodiment resides in a high-strength connecting rod 
comprising a connecting beam section serving as a 
main body of the connecting rod, the connecting beam 
section having a portion which is the smallest in 
cross sectional area throughout the connecting rod. A 
big end is located at a first end side of the 
connecting beam section. A small end is located at a 
second end side of the connecting beam section, the 
second end side being axially opposite to the first 
end side. A first joining section is located between 
the connecting beam section and the big end to 
connect the connecting beam section and the big end. 
A second joining section is located between the 
connecting beam section and the small end to connect 
the connecting beam section and the small end. In 
this connecting rod, each of the first and second 
joining sections gradually and continuously decreases 
in cross sectional area toward the connecting beam 
section. Additionally, a cross section of each of the 
connecting beam section and each of the first and 
second joining sections includes at least one of 
martens i tic structure and f erri tic-pear lit ic 

structure and satisfies the following expression: 

S/D > l/{ (l-P)Ms/100 + P}... Eq. (1) 

where S is a cross sectional area of any portion 
of each of the connecting beam section and each of 
the first and second joining sections; D is a cross 
sectional area of the smallest cross sectional area 
portion of the connecting beam section; (3 is a 
fatigue strength of an unhardened structure / a 
fatigue structure of a tempered martensitic 
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15 



structure; Ms is a proportion of area of the tempered 
martensitic structure in the portion whose sectional 
area is S. Further, a whole cross section of the 
smallest cross sectional area portion is formed of 
the tempered martensitic structure. 

The high-strength connecting rod of this 
invention is a connecting rod so shaped as to have a 
connecting beam section, a big end, a small end and a 
joining section as stated above. The connecting rod 
has a portion of the smallest cross sectional area in 
its connecting beam section, a portion of the lowest 
fatigue strength at its big or small end, and a 
portion of varying fatigue strength in its joining 
and connecting beam sections. The connecting rod is 
so made that the product of its cross sectional area 
and fatigue strength at cross section of its joining 
and connecting beam sections may be equal to or 
greater than the product of its cross sectional area 
and fatigue strength in its portion of the smallest 
cross sectional area in its connecting beam section. 
The connecting rod contains 0.73% or less of C on a 
mass basis (i.e., % by weight) and is so made that 
the cross section of each of its connecting beam and 
joining sections may be composed of a tempered 
25 martensitic structure or a ferri tic-pear lit ic 
structure, or a mixture of these structures 
satisfying relational expression or Eq.(l) given 
above. At least the entire cross section of its 
portion of the smallest cross sectional area in its 
30 connecting beam section may be of a tempered 
martensitic structure. Therefore, it is possible to 
achieve a reduction of residual stress in its fully 
hardened portion and its boundary of hardening, an 



20 
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impr ovement in the fatigue strength of the connecting 
rod and a reduction in the weight of the part. 

In the context of this invention, fatigue 
strength means fatigue limit. The portion of varying 
5 fatigue strength existing in the joining and 
connecting beam sections preferably has a 
continuously varying fatigue strength not having any 
sharp drop- 
As regards the chemical composition of the high- 

10 strength connecting rod of this invention, or the 
composition of its steel material, it is possible to 
use steel having a C content of 0.73% or less (not 
including 0), and it is preferable to use alloy steel 
containing 0.20 to 0.43% of C, 0.05 to 2.0% of Si, 

15 0.30 to 1.40% of Mn, less than 0.07% (not including 
0) of P, 2.5% or less (not including 0) of Cr, 0.05% 
or less (not including 0) of Al and 0.005 to 0.03% of 
N and further containing 0.03 to 0.5% of V, 0.005 to 
0.5% of Nb or 0.005 to 0.5% of Ti or any combination 

20 of those elements (V, Nb, Ti), the balance being Fe 
and impurities, so that any unhardened portion 
thereof may be improved in fatigue strength. 

It is also possible to use alloy steel 
containing 0.20 to 0.43% of C, 0.05 to 2.0% of Si, 

25 0.30 to 1.40% of Mn, 0,07 to 0.15% of P, 2.5% or less 
(not including 0) of Cr, 0.05% or less (not including 
0) of Al and 0.005 to 0.03% of N and further 
containing 0.03 to 0.5% of V, 0.005 to 0.5% of Nb or 
0.005 to 0.5% of Ti or any combination of those 

30 elements (V, Nb, Ti), the balance being Fe and 
impurities, and the use of such an alloy steel, or an 
alloy steel having a high P content makes it possible 
to achieve not only a similar improvement in the 
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fatigue strength of any unhardened portion, but also 
a good progress of fracture not causing substantially 
any plastic deformation of the fractured surfaces 
during the separation (or crushing) of the big end by 
5 any fracture begun with a cut made by working, but 
allowing a highly intimate contact between the 
fractured surfaces, thereby making it possible to 
produce a connecting rod at a lower cost than by 
mechanical cutting . 
10 It is also possible to add 2.0% or less of Ni, 

1.0% or less of Mo or 0.0010 to 0.0030% of B, or any 
combination of such elements (Ni, Mo, B) to the alloy 
and thereby improve its harden- ability. 

It is further possible to add 0.2% or less of S, 
15 0.3% or less of Pb, 0.1% or less of Ca or 0.3% or 
less of Bi, or any combination of such elements (Pb, 
Ca, Bi) and thereby improve the machinability of the 
material and facilitate its machining. 

The high-strength connecting rod of this 
20 invention as described above may be made by forming 
either steel material into the shape of a connecting 
rod as described above, hardening it by using an 
induction current and tempering it at a temperature 
of 200 to 650°C, in which a tempering temperature in 
25 the range of 350 to 550°C is more preferable for a 
further improved fatigue strength. 

For hardening by an induction current, it is 
preferable to use a current with a frequency of 5 to 
200 kHz, or more preferably 7 to 50 kHz. While the 
usual high-frequency hardening aimed at surface 
hardening is carried out at a high frequency in the 
order of 200 kHz, it is desirable according to this 
invention to apply a relatively low, or as it were 
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medium frequency as mentioned above to harden even 
the inside of the connecting beam section to make the 
connecting rod more resistant to the pressure of 
combustion which it receives from the piston. The 
5 same range of frequency can basically be employed for 
tempering by an induction current to temper the whole 
connecting rod uniformly. 

While tempering treatment in an electric furnace 
can, for example, be employed for the manufacturing 

10 process of this invention, it is also possible to 
employ heating by an induction current for tempering 
treatment as in the case of hardening to shorten the 
time for the treatment. 

Explanation will now be made briefly of the 

15 reasons for the limitation of the steel composition 
in the high-strength connecting rod of this invention. 
C: 0.73% or less 

Carbon is an element necessary for ensuring the 
strength (hardness) of steel and is added at 0.73% at 

20 maximum, preferably in the range of 0.20 to 0.43%, 
since too little makes any unhardened portion 
deficient in fatigue strength and hardenability , 
while too much is likely to bring about a less easy 
cutting property. 

25 Si : 0 . 05 to 2 . 0% 

Silicon is an element which is effective for an 
improved fatigue strength and is preferably added in 
the range of 0.05 to 2.0%, since less than 0.05% is 
insufficient for obtaining any such effect, while the 

30 addition of over 2.0% is likely to bring about a less 
easy cutting property. 
Mn : 0.30 to 1.40% 

Manganese is an element which is added as a 
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deoxidizing agent for steel making, and is effective 
for improving hardenabi 1 i t y and for improving fatigue 
strength like Si, and it is preferably added in the 
range of 0.30 to 1.40%, since less than 0.30% is not 
sufficient for producing any such effect markedly, 
while over 1.40% is likely to bring about a less easy 
cutting property. 

P: Less than 0.07%, or 0.07 to 0.15% 

Phosphorus is an element considered usually as 
impurity, but the presence of a small amount thereof 
in steel serves to improve its fatigue strength. The 
presence of a relatively large amount thereof serves 
to decrease the plastic deformation of the connecting 
rod at its big end during its crushing fracture and 
15 facilitate its separation, though it may lower hot 
wor kabi 1 it y . 

When an improved fatigue strength is aimed at 
without the sacrifice of hot workability, therefore, 
it is desirable to secure a content of less than 

20 0.07% and in order to facilitate the fracture and 
separation of the big end, it is desirable to add in 
the range of 0.07 to 0.15%. A phosphorus content 
exceeding 0.15% not only brings about a lower hot 
workability, but also is likely to cause hardening 

25 cracking. 

Cr : 2.5% or less 

Chromium is an element effective for improving 
harden- ability and fatigue strength, but is 
preferably added at 2.5% at maximum, since a larger 

30 amount is likely to lower workability, as well as 
hardening stability. 
Al: 0.05% or less 

Aluminum is an element added as a deoxidizing 
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agent for steel making and serves to restrain 
cracking during hardening (hardening cracking) , but 
is preferably added with an upper limit of 0.05%, 
since the addition of a larger amount is likely to 
5 increase non-metallic inclusions and lower tenacity. 
N: 0 - 005 to 0 . 03% 

Nitrogen is an element producing AIN to form 
finely divided austenite crystal grains and serving 
to improve fatigue strength, but is preferably added 

10 in the range of 0.005 to 0.03%, since the addition of 
a larger amount is likely to lower workability. 
V: 0.03 to 0.5% 
Nb : 0.005 to 0.5% 
Ti : 0.005 to 0.5% 

15 These elements are added alone or in a 

combination of two or more for improving fatigue 
strength and the ranges shown above are desirable, 
since it is difficult to obtain any improved result 
in fatigue strength if V is less than 0.3%, or if Nb 

20 or Ti is less than 0.005%, while the addition of any 
of them over 0.5% is likely to result in a less easy 
cutting property. 
Ni: 2.0% or less 
Mo: 1.0% or less 

25 B: 0.0010 to 0.0030% 

They are elements effective for improving 
hardenability , and the addition of any of them alone 
. in a combination of two or more improves 
hardenability and fatigue strength, though no marked 

30 result can be obtained by B alone unless 0.0010% or 
more is added. On the other hand, the addition of Ni 
and Mo over 2.0% and 1.0%, respectively, is likely to 
result in a lower workability. The addition of B 
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over 0.0030% is also likely to result in a lower 

workability as grain-boundary oxidation occurs during 

hot forging. 

S: 0.2% or less 

Pb : 0.3% or less 

Ca : 0.1% or less 

Bi : 0.3% or less 

These elements are all effective for improving 
easy cutting property and the addition of any of them 
alone or in a combination of two or more improves the 
machinability of the material and makes its machining 
easy. The ranges shown above are desirable, since it 
is likely that an S content over 0.2% may result in a 
lower fatigue strength, a Pb or Bi content over 0.3% 
may result in a worse workability and a Ca content 
over 0.1% may result in a lower tenacity. 

As regards any component for which only the 
upper limit has been mentioned, it is to be 
understood that no case of 0%_ is supposed to exist 
for any such component, insofar as it is positively 
added . 

EXAMPLES 

The invention will now be described more 
specifically by way of examples. 

EXAMPLE 1 

Steels A and D were employed from the four kinds 
of steel shown in Table 1, and were hot forged into 
the same shape of a connecting rod having a small end 
A, a connecting beam section B, a big end C and 
joining sections D and E as shown in Fig. 1, and an 
electric current having a high frequency of 30 kHz 
was applied to a coil disposed about the connecting 
beam section B of each rod as shown in Fig. 2 to heat 
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it to 920 °C by an induction current, and after 10 
seconds of holding, it was quenched in water. 

All of the four kinds of steel shown in Table 1 
have their machinabil ity improved by the addition of 
5 S. The hardenability shown in the table was 

determined by a Method of Testing the Hardenability 
of Steel (Jominy one end hardening method) as 
specified by JIS (Japanese Industrial Standard) G 
0561, and the values of JHRC45 as measured are shown 
10 by relative values obtained when the value of steel A 
is taken as 1 . 



Table 1 



ste- 
el 


Chemical composition (%) 


Harden- 
ability 


c 


Si 


Mn 


P 


S 


Cr 


B 


V 


A 


0.40 


0.25 


0.73 


0.014 


0.021 


0.16 




0 . 1 


1 


B 


0.40 


0.60 


0.79 


0.098 


0.049 


0.17 




0 . 1 


1 . 6 


C 


0 . 32 


0.80 


1.00 


0.014 


0.051 


0.20 


0 .0020 


0 . 2 


2 . 9 


D 


0.40 


0.24 


0 . 75 


0.016 


0 . 030 


0.20 






0 . 9 



15 Then, after 30 minutes of tempering at 460°C in 

an electric furnace, shot peening was done with steel 
shots to an arc height of 0.2 mmA and a coverage of 
300% . 

Structures were observed of two portions, 
20 portion P of the smallest cross sectional area in 
connecting beam section B and portion Q having a 
cross sectional area 1.5 times larger than that of 
portion P of the smallest cross sectional area and 
located closer to big end C than portion P was. A 
25 plurality of connecting rods were so made that any 
other portion of each rod might be of the same 
structure and hardness with its portions P and Q. A 
tensile and compressive fatigue test was conducted on 
each rod with its small and big ends A and C chucked 
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for measuring its fatigue strength (fatigue limit) 
and examine its relation to the fatigue strength of 
portions P and Q. The results are shown in Table 2. 

In Table 2, the fatigue strengths (fatigue 
limits) of two connecting rods Nos. 1 and 2 are shown 
by relative values with the value of connecting rod 
No. 1 taken as 1. The evaluation of partial fatigue 
strengths, or the fatigue strengths of portions P and 
was made by using the values obtained when a 
similar tensile and compressive fatigue test was 
conducted on the connecting rod having in its 
entirety the same structure and hardness with its 
portions P and Q. The fatigue strengths of portions 
P and Q are shown by relative values with the value 
of portion P taken as 1. 
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Table 2 



No . 


1 


2 


Material steel 


A 


D 


Hardening 


Heating time (sec) 


5 


Hardening temp. 
( c ) 


920 


Holding time (sec) 


10 


Tempering 


Device 


Electric furnace 


Tempering temp. 
( c } 


460 


Holding time (sec) 


1800 


Portion of 
s ma 1 1 e s t 

cross sectional 
area 

(portion P) 


Cross sectional 
area 


1 


1 


Structure*! ) 


Ms 


Ms 


Fatigue strength 


1 


1 


Cross sectional 

A T* O J5 V 

ca. J_ c CI 2\. 

Fatigue strength 


1 


1 


Portion Q 


Cross sectional 

area 


1 . 5 


1 . 5 


Structure* 1 ) 


F-P 


F-P 


Fatigue strength 


0.71 


0 . 62 


Cross sectional 
area x Fatigue 
s t r e ngt h 


1 . 065 


0 . 93 


Fatigue test 


Fatigue strength 
(fatigue limit) 


1 


0 . 93 


Position of fatigue 
failure 


Portion P 


Portion Q 



*1) Ms: Tempered martensitic structure; F-P: Fer rt i c-pe ar 1 i t i c 



s t r uct ur e . 

5 As a result, it was confirmed that connecting 

rod No. 1 having in its portion Q the product of 
cross sectional area and fatigue strength which was 
greater than the product of cross sectional area and 
fatigue strength in its portion P of the smallest 

10 cross sectional area was higher in fatigue strength 
than connecting rod No. 2 having in its portion Q the 
product of cross sectional area and fatigue strength 
which was smaller than the product of cross sectional 
area and fatigue strength in- its portion P of the 

15 smallest cross sectional area. 

EXAMPLE 2 

Steel A was employed from the four kinds of 



"34- 



steel shown in Table 1., and was hot forged into a 
similar shape of a connecting rod having a small end 
a connecting beam section B, a big end C and 
joining sections D and E as shown in Fig. 1, and an 
electric current having a high frequency of 30 kHz 
was applied to a coil disposed about the connecting 
beam section B of each rod as shown in Fig. 2 to heat 
it to 920*^0 by an induction current, and after a 
specific holding time, it was quenched in water. The 
heating and holding time was adjusted by varying the 
duration of current supply. 

Then, a similar shot peening treatment was made 
after 30 minutes of similar tempering treatment at 
460°C in an electric furnace, in a similar manner to 
that of Example 1. 

Further measurement was made of the cross 
sectional area D of the portion P of the smallest 
cross sectional area in connecting beam section B, 
and determination was made of the smallest cross 
sectional area So reducing tempered martensite to 0% 
(i.e. leaving only a f errit ic-pearlit ic structure) in 
connecting beam section B and joining sections D and 
E. 

Then, a tensile and compressive fatigue strength 
test was conducted on a plurality of connecting rods 
made under the same conditions as those in Example 1 
to determine their fatigue strength (fatigue limit). 

The fatigue strength Fq of the hardened portion 
and the fatigue strength Fn of the non-hardened 
portion were determined for the calculation of value 
of p (= Fn/Fq) , and 1/p was calculated as the value 
of l/{ (l-p) Ms/lOO + p} in the portion of the smallest 
cross sectional area (Sq) having 0% of tempered 
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martensite (Ms = 0). The results are shown in Table 
3 and Fig. 3. 

In Table 3, the fatigue strength of the hardened 
portion is shown by the value of fatigue strength as 
5 determined when connecting beam section B had a 
portion composed of a tempered martensitic structure 
across its whole cross section and fatigue failure 
occurred to that tempered martensitic portion, and 
the fatigue strength of the non— hardened portion is 

10 shown by the value of fatigue strength of the 
connecting rod which was not hardened. The values of 
fatigue strength are the relative values based on the 
value of the non-hardened portion taken as 1, and the 
smallest cross sectional area So reducing tempered 

15 martensite to 0% is shown by a relative value based 
on the smallest cross sectional area D of connecting 
beam section B taken as 1. In Table 3, ''I-sec portion 
(or ... portion) " indicates a portion (or ... portion) 
having an I-shaped cross section. 



20 
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As a result, it was confirmed that if Sq/D was 
equal to, or greater than 1.59 as a value of 1/{(1- 
p)Ms/100 + p}, or satisfied expression or Eq. (1), the 
connecting rod had a drastically improved fatigue 
strength, since the boundary of hardening having low 
fatigue strength had a sufficiently large cross 
sectional area to avoid any fatigue failure occurring 
therefrom. 

EXAMPLE 3 

Steels A, B and C shown in Table 1 were employed 
for making connecting rods by hot forging like 
Examples 1 and 2 above, and an electric current 
having a high frequency of 30 kHz was likewise 
applied to a coil disposed about the connecting beam 
section B of each rod to heat it to 920 °C by an 
induction current, and after 99 seconds of holding, 
it was quenched in water. After tempering treatment 
under various conditions using an electric furnace 
and an induction current, a shot peening treatment 
similar to that in Example 1 was made and the test 
similar to that in Example 1 was conducted. The 
results are shown in Table 4 and Fig. 4. An electric 
current having a high frequency of 30 kHz was 
employed for tempering treatment using an induction 
current as in the case of the hardening treatment. 

In Table 4, too, the values of fatigue strength 
are the relative values based on the value of the 
non-hardened portion taken as 1, and the smallest 
cross sectional area So reducing tempered martensite 
to 0% is shown by a relative value based on the 
smallest cross sectional area D of connecting beam 
section B taken as 1. 
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1 17 1 18 1 


o 




o 

CNI 


o> 


Induction 
current 


O 
CD 
^ 




CO 






5 




0.71 


1.72 


1.72 


1.41 


1.45 


l-sec com- 
pletely 

hardened 
Dortion 




Induction 
current 


O 
CO 


m 


Ms 






1.62 1 




0.62 1 


1.69 


1.69 


1.62 


1.63 


l-sec com- 
pletely 

hardened 
Dortion 




CO 




Induction 
current 


o 

CD 


lO 


Ms 




CD 

^^■ 


1.64 1 




0.61 1 


1.69 


1.69 


1.64 


1.56 


l-sec com- 
pletely 

hardened 
Dortion 




m 




in 


Electric 
furnace 


o 


1800 


Ms 




CNJ 
CO 


1.34 




0.75 


1.69 


1.69 


1.34 


1.38 


l-sec com- 
pletely 

hardened 
portion 






m 


Electric 
furnace 


o 

CO 


1800 


Ms 




CNJ 


1.59 1 


0.63 


1.69 


1.69 


1.59 


1.60 


l-sec com- 
pletely 

hardened, 
portion 




CO 


Electric 
furnace 


o 
o 

^ 


1800 


Ms 






1.63 1 


0.61 1 


1.69 


1.69 


1.63 


1.62 


l-sec com- 
pletely 

hardened 
portion 




CNJ 


< 


Electric 
furnace 


o 
o 

CNJ 


1 1800 


Ms 


m 


1.34 1 


0.75 


1.69 


1.69 


1.34 1 


1.37 


l-sec com- 
pletely 

hardened 
portion 






Electric 
furnace 


o 
o 
oo 


1 1800 


Q- 

1 

U- 






0.61 


1.64 


1 


1 


0.61 


0.59 


l-sec com- 
pletely 

hardened 
portion 




O 


1 


1 


1 






ID 


1.11 1 


0.90 


1 


1 


1.11 1 


1.10 


l-sec com- 
pletely 

hardened 
portion 


Not hard- 
ened 


No. 


Material steel 


Heating time (sec) 


Hardening temp. (°C) 


Holding time (sec) 


Device 


Tempering temp. (T) 


Holding time (sec) 


Structure ') 


:ross sectional area D j 


Hardness (HRC) 


Hardened portion: Fq 


Non-hardened portion: 
Fn 


o- 

LL 


Smallest cross sectional area reduc- 
ing Ms to 0%: So 


a 


CO. 
+ 

o 
o 


Fatigue strength 
(fatigue limit) 


Position of fatigue 
failure 


Remarks 




1 1/{(1-(3 


Fatigue test 




Hardening 


Tempering 


Portion of 
smallest 
cross sec- 
tional area 


Partial fa- 


tigue 
strength 
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As a result, it was found that with an elevation 
of tempering temperature from room temperature- to a 
range of 200 to 4 60 °C, the connecting rod had its 
fatigue strength raised owing to the disappearance of 
any internal strain after hardening, and it was 
confirmed that a further elevation of the tempering 
temperature caused fatigue strength to start dropping, 
and that its excess of the Al transformation point 
(about 726°C) resulted in a sharp drop in fatigue 
strength, as the aus teni t i zat ion of the structure 
made it impossible to obtain a hardened, and tempered 
structure (tempered marten- site). 

As is obvious from Fig. 23, therefore, the high 
fatigue strength of a connecting rod is obtained by a 
tempering temperature in the range of 200 to 650°C 
and tempering in a temperature range of 350 to 550°C 
is preferable for achieving an improved effect in the 
fatigue strength of a connecting rod. 

It was also confirmed that a connecting rod 
tempered to a uniform temperature by using an 
induction current was comparable in fatigue strength 
to what was obtained by using an electric current, 
and that tempering by an induction current enabled 
treatment in a shorter time. 

It was also found that a similar level of 
fatigue strength could be obtained by using an alloy 
steel containing a large amount of phosphorus (P) for 
easy separation by crushing fracture (steel B shown 
in Table 1) and an alloy steel containing boron (B) 
for improved hardenabi 1 i t y (steel C shown in Table 1). 

The results of the examples described above are 
merely illustrative and the optimum hardening 
conditions, etc. may vary with materials and heating 
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f acilit ies . 

More specifically, it is necessary to set a low 
frequency for hardening to avoid surface overheating 
in the event that a large depth of hardening is 
desired. When any steel of low hardenabi 1 i t y is used, 
it is necessary to raise the cooling rate of 
quenching. 

Advantages of the third embodiment of the 
connecting rod will be discussed. 

The high-strength connecting rod of this 
invention exhibits very excellent advantages such as 
a reduced residual stress in its completely hardened 
portion and boundary of hardening and an improved 
fatigue strength, as well as a reduction in weight, 
owing to its structure described above, particularly 
its structure as a connecting rod having a connecting 
beam section, big and small ends and joining sections 
therebetween, and having a portion of the smallest 
cross sectional area in its connecting beam section, 
in which the product of its cross sectional area and 
fatigue strength across any cross section of its 
joining and connecting beam sections being equal to 
or greater than the product of its cross sectional 
area and fatigue strength in its portion of the 
smallest cross sectional area. The connecting rod 
contains 0.73% or less of C and so made that the 
cross section of each of its connecting beam and 
joining sections may be composed of a tempered 
martensitic structure or f erritic-pearlit ic structure, 
or a mixture of the above structures satisfying the 
relational expression or Eq. (1) given above. At least 
the entire cross section of its portion of the 
smallest cross sectional area may be of a tempered 
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mart ens i t ic structure. 

The manufacturing process of this invention 
makes it easy to obtain a connecting rod having the 
structure described above, owing to tempering in a 
5 temperature range of 200 to 650°C, preferably 350 to 
SSO'^C, preferably using an induction current after 
hardening by using an induction current when 
manufacturing the high-strength connecting rod as 
described above. 

10 This application is based on a prior Japanese Patent 

Application No. P2003-041360 filed February 19, 2003, a 
prior Japanese Patent Application No. P2003-082505 filed on 
March 25, 2003, and a prior Japanese Patent Application No. 
P2003-146734 filed on May 23, 2003. The entire contents of 

15 these Japanese Patent Applications Nos . P2003~04 1360 , P2003- 
082505 and P2003-146734 are hereby incorporated by reference. 

Although the invention has been described above by 
reference to certain embodiments of the invention, the 
invention is not limited to the embodiments described above . 

20 Modifications and variations of the embodiments described 
above will occur to those skilled in the art in light of the 
above teachings. The scope of the invention is defined with 
reference to the following claims. 



